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RESEARCH MEMORANDUM

PRELIMINARY RESULTS FROM FREE-JET TESTS OF A 48-INCH-DIAMETER RAM-JET
COMBUSTOR WITH AN ANNULAR-PILOTED BAFFLE-TYPE FLAMEHOLDER

By Werren D. Rayle, Ivan D. Smith, and Carl B. Wentworth

SUMMARY

A ram-jet engine with an experimental 48-inch-diemeter combustor
was investigated in a free-jet facility. The combustor design camprised
& large-volume annular pilot region and an array of sloping baffle- or
gutter-type flameholders. The combustor was Iintended to operate at a
fuel-air ratio of sbout 0.037. To promote combustion efficiency at such
low fuel~air ratios, a divided-flow system was employed which bypassed
& portion of the engine air around the cambustlon region.

Three combustor lengths, three lengths of the shroud which separated
the bypass sir from the burning stream, and four fuel-distribution sys-
tems were investigated over a range of fuel-air ratios from 0.025 to
0.055 and & range of engine air flows from 40 to 110 pounds per second
(combustor-outlet total pressures from 500 to 1800 lb/sq_ £t abs).

The highest efficiencies were obteined wlth a combustor length of
78 inches and a shroud length of 6 iInches. At the lowest slr flow, with
combustor pressures of about 700 pounds per square foot absolute, a max-
imum efficiency of about 93 percent was obtalned. The efficiency in-
creased with combustor length, a typlcal increase being from 88 to 95
percent as the length incressed from 60 to 96 inches. The length of the
shroud separating the bypass air from the burning stream affected not
only the efficiency level, but also the fuel-air ratio at which the max-
imum efficiency occurred. In general, a longer shroud casused the maximum
efficiency to occur at lower fuel-air ratios. Highest efficiencies
usually resulted from the use of a fuel-injection system giving a uniform
fuel profile. The efficiency at low fuel-air ratios could be considerably
improved by the use of a radially nonuniform fuel profile which concen-
trated the fuel towards the ocutermost portion of the burning stream.
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The total-pressure ratio ecross the combustor was sbout 0.86 at the
design point.

An electrical-gpark lgnition system proved capable of starting the
engine &t all conditions investigated and ignitlon wes found not to de-
pend on the use of pilot fuel.

INTRODUCTION

The performasnce of an experimental 48-inch-diameter combustor in a
ram~-jet engine was investigated in a free-jet facility at the RACA Iewis
laboratory. This investigation was a part of a continuing program aimed
at determining combustor configurations and engine geometries capable of
delivering high performance at conditions simulsating those experienced
by a long-range ram-Jjet-powered vehicle.

The fixed~area exhaust nozzle was slzed to accammodste g combustor
operating with 100 percent efficiency at sn over-all fuel-air ratio of
0.034. The combustor used wes a modification of one previcusly investi-
gated in & direct-connect system (ref 1). Tt employed s large-volume
ennular pilot In conjunction with sn arrsy of sloping baffle- or gutter-
type flameholders. In order to operate efficilently at fuel-air ratios
coneiderably less than stoichiometric, a divided-flow system was used in
which a portion of the engine air was bypsssed around the cambustion
region. This bypass air was permitied to mix wilth the maln stream at a
station downstream of the flame-holding elements.

Combustor performance was evaluated for three combustor lengths,
86, 78, and 60 inches,and four fuel-distribution systems. The point at
which the bypass alr was permitted to rejoin the main stream was also
varied. The air flow through the engine was veried fram 40 to 110 pounds
per second to give a range of combustor outlet pressures from 500 to
1800 pounds per squere foot absolute. The range of fuel-air ratios in-.
vestigated was between 0.025 and 0.055. The upper limit was usually
established by the critical pressure recovery of the supersonic diffuser.

The results of this investigation are presented both in tabular and
in graphic form. The cambustion efficiencies given were calculated from
the effective area of the exhaust nozzle, the mass flow of air through
the engine, the total pressure of the ges entering the exhaust nozzle,
and the fuel flow. They represent the ratio of the fuel flow ideally
required to give the observed total pressure at the exhaust nozzle to
the fuel flow actually used.

9lse
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APPARATUSB
Facility

A 48-inch-dismeter ram-jet engine was tegted in a free-jet facility.
The starting and performance characteristics of the free-jet facility
have been previously reported (ref. 2). A sketch of the experimental
configuration is shown in figure 1. An asymmetrical supersonic diffuser,
which was connected to the combustor by a simple conical section of 30°
helf-angle, had an outlet-veloclity profile which was circumferentially
nonuniform. To improve the profile and to avoid flow separation, a half-
Bcreen was installed in the high-veloelty portion of the diffuser outlet.
This screen comprised a square arvay of l/4-inch rods and blocked 20 per-
cent of the (half) area.

Cambustor

The combustor shell was constructed of three cylindrical sectilons
42, 36, and 18 inches in length to permlt variation of combustor length.
These sections, as well as the exhsust nozzle were water-cooled. The
convergent-divergent exhsust nozzle had a 54.6 percent open ares; the
half-angle of the convergent sectlon was 25°; the half-angle of the di-
vergent section was 12°. A motor-operated clam-shell (not shown) was
attached to the exhaust nozzle to facilitate the obtaining of cold-flow
drag date.. The cross section of the combustor i1s shown In figure-l; =
cutawey view is given by figure 2.

The flameholder configuration, which resembled one previously tested
in a direct-connect system (ref. lj , was camposed of an annulsr pilot
connected to sloping V-gutter flmmeholders. The cambustor extended for-
werd to the beginning of the 30° cone section, and divided the air inte
two parts. From 20 to 30 percent of the eir was routed around the com-~
bustion reglon and was separsted from the burning streesm by & eylindrical
shroud. The length of this shroud wes varied during the investigation.

Approximately 0.1 percent of the total air flow was bled fram the
bypass air streem intc the pilot annulus. Fuel for the pllot region
was supplied by four evenly spaced bars (figs. 1 and 2). Twin orifices
in each bar sprayed fuel in the circumferential direction.

Fuel was injected normal to the main sir stream by means of simple
orifices in sixteen l/z-jnch—diameter raedial tubes equally spaced circum-
ferentislly, and supplied from a common external manifold. Three such
systems, differing only in size and location of fuel orifices, were in-
corporated in a single installation to facilitate the study of fuel pro-
file effects. The corresponding tubes from each fuel system were ccam=-
bined into single fuel bars. Figures 1 and 2 show a typical fuel bar
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installed in the combustor. The circumferentisl locations of fuel bars,
as well as the four basic fuel-distribution profiles investigated are
shown in figure 3.

The fuel used throughout the investigation wes MIL-5624-B, grade
JP-5, with a heating value of 18,625 Btu per pound and a hydrogen-carbon
ratio of 0.159.

Tgnition was achieved through the use of two surface-discharge
spark plugs located in the pilot annulus. A separate power system of
the condenser-discharge type was used to supply each plug.

Instrumentation

The alr flow through the engine was determined from the effective
capture area of the supersonlc diffuser and the total pressure and tem-
perature upstream of the free-jet nozzle. Cold-flow tests with a small
exhaust nozzle were used to determine the effective capture ares of the
diffuser. Total pressures were measured in the engine at stations 3 and
6 (see fig. 1). At station 3, the diffuser outlet, the 48 total-pressure
tubes were located on six radisl bars and were spaced radlally in eight
equal areas. At station 6, the combustor outlet, the 33 tubes were lo-
cated on four radlal bars and spaced radielly in eight equel areas with
the odd tube being located in the center of the total area. These tubes
were gll connected to mercury manometers, the wells of which were 1in turn
connected to a manifold kept within 1/2 pound. per squere foot of absolute
zero by a vacuum pump.

The air temperasture entering the engine was meassured by an 18-point
thermocouple array located upstream of the free-Jet nozzle. Total tem-
perature was assumed to be conserved through the diffuser. The tempera-
ture of the gas near the wall et the entrance to the exhaust nozzle was

measured by four thermocouples located 1%" inches from the wall and
equally spaced about the circumference.

The quantity of bypass air was determined from measurements of total
and gtatic pressure in the bypass channel.

Fuel-flow measurements were obtained from the pressure drop across
sharp-edged orifices. These orifices were calibrated by comparison with
standard rotameters. Separate measurement of the fuel flowing to each of
the main fuel manifolds was made by means of a positive displacement
electronic flowmeter.

The flow of cooling water to the engine was metered through a flat-
plete orifice. The temperature rise of the coolant was determined from
two thermocouples locsted upstream and downstream.

9lac
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The mercury msnometers measuring pressures at stations 3 and 6, as
well as manometers connected to read static pressures at various points
within the engine, were recorded photographically. The various.tempera-
tures were recorded by & self-balancing potentiometer.

In addition, the appearance of the unilt in operation was obsexrved

by means of a periscope located downstream of the engine, which afforded
a view of the combustion reglion through the exhsust nozzle.

PROCEDURE

Five combinations of combustor and shroud lengths were studied with
various alr-flow rates and temperatures &s shown in the following table:

Combustor |Shroud Engine air flow, W, 1b/sec
length, |length, Air tempersture, T;,, °F
Fes i We =40 | Wy =60 | Wy =80 | W, =80 | W =110
in. in. fm,~ = 530|T,, = 530(Ty, = 530|Ty; = 400|T;s = 400
g6 70 x x X b 4
96 29 b4 b 4 b4 x
78 6 x X x
60 29 x x x b4
60 6 X x b 4

At each condition, date were taken over & range of fuel-alr ratios
from about 0.025 to 0.055, with the upper limit being dependent upon
cambustion efficiency. At 100 percent combustion efficiency, a fuel-air
ratio of less than 0.050 was sufficient to cause the diffuser to go sub-
criticel. Limits on the facility prevented any data being taken with
subcritical diffuser operation. The approximate combustor-outlet pres-
sures assoclated with each air-flow condition are as follows:

Air-flow condition| Range of combustor- Cambustor-outlet total

W m outlet total pressure, | pressure at design point
e’ j_n,
1b/sec op Pe. (£/844 = 0.034)
lb/sq ft abs

40 530 500-700 650
60 530 800-1050 980
80 530 13100-1400 1300
80 400 1100-1400 1280
110 400 1500-1800 1760
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The four fuel-distribution profiles shown in figure 3 were used. Most
of the data were teken with the more uniform profile A. In the later
phases of the program, profiles C and D were used in combinstion to pro-
vide either a plane profille equivalent to that of A or to give high fuel
concentrations either in the center or at the outer edge of the burning
stream. The amount of fuel supplied to the pilot was varied from zero
to a value giving an over-all fuel-alr ratio of 8 percent of stoichio-
metric. Most of the data, however, were taken with a pllot fuel flow
giving 2.5 pexrcent of the stoichiaometric fuel-air ratio.

No effort was made to control the flow rate of the bypess alr. The
quantity varied throughout the tests, belng a function of both shroud
length and of the fuel-air ratio of the engine. In general, the bypass
air wes less than 20 percent of the total air for cold flow, and increased
with increasing fuel-air ratio up to as much as 30 percent.

Ignition tests were conducted in the following manner. First, the
pupersonic flow through the free~jet was established. The air tempers-
ture was then raised to the required value, and the mass flow through
the engine adjusted. Pilot a.nd/or nmain fuel was turned on; when main
fuel was used, a quantity giving an over-all fuel~air ratio of 0.035 was
most frequently employed. The electric spark was turned on end the re-
sults noted. Whether the spark preceded or followed the introduction of
the fuel was found to be unimportant. Data for the prelgnition engine
pressures were obtained from the cold-flow tests, wherein no fuel was
injected.

RESULTS

The engine performance and ignition data cobtained are surmerized in
tables I and II. The performance of the five combinstions of caombustor
length and shroud length is presented in table I. Figures 4 to 9 present
the same dats in graphic form. Figure 4 shows the combustion efficiency,
cambustor-outlet total pressure, inlet Mach number, and cambustor pressure
ratio as functions of ideal fuel-air ratio for an air-flow rate of 60
pounds per second. Fuel profile A was used throughout. As can be seen
by the efficiency curves, a decresse in cambustor length resulted in a
decrease in efficiency level without any change in the shape of the ef-
ficiency curve. The peak efficiency with fixed shroud length was de-
creased from 85 to 88 percent when the combustor length was reduced from
96 to 60 inches. Varilation in shroud length, on the other hand, resulted
in g drastlc change in the shape of the efficlency curve. For the long
shroud (70 in.) the pesk efficiency occurred at an ideal fuel-air ratio
less than 0.028. For the 29-inch shroud, a very flat peak in the region
between 0.030 snd 0.042 was found. For the 6-inch shroud, the maximum
efficiency resulted from an ideal fuel-alxr ratio of about 0.045 which
corresvonds closely to a fuel-alr ratio ylelding a stolchiometric mixture
in the burning stream. Similer results were obtalned at an air flow of

PR
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80 pounds per second at inlet temperatures of 530° and 400° F and an aixr
flow of 110 pounds per second at an inlet temperature of 400° F. These
results are presented in figures 5 to 7.

The configuration ylelding the highest peak efficiency was the 78-
inch combustor with the short 6-inch shroud. No data were obtained for
the cambination of 96-inch combustor length and 6-inch shroud length,
which might logically be expected to exhibit a somewhat better perform-
ance than thogse investigated. For the range of combustor pressures be-
tween 950 and 1800 pounds per square foot ebsolute, little change in pesk
efficiency level with pressure was apparent, as shown by figures 4 to 7.
For exasmple, the 29-inch shroud in the 96-inch conbustor gave a pesk
efficiency of about 95 percent for combustor pressures within this range.
The configuration giving the highest efficiency was also investigated at
an air flow of 40 pounds per second (combustor outlet total pressures
from 500 to 700 psfa). The performance of this configuration at three
pressure levels is presented in figure 8. At the two higher pressure
levels, the peak efficiency of about 98 percent occurred at an sctual
fuel-gir ratio of ghout 0.045. At the low-pressure level, the peak ef-
ficiency agein occurred at an actual fuel-air ratio of sbout 0.045, but
was reduced to sbout 93 percent.

The effect of fuel profile on combustlion efficiency is shown in fig-
ure 9. Figures 9(a} and (b) represent data taken at an engine air flow
of 60 pounds per second. The performance of the combustor with fuel pro-
file A is used as & standard with which to compare the performesnce with
profiles B and C. 8ince the combustor and shroud lengths are not the
same for the two sets of curves, they should not be campared directly.
Fuel profile B yielded a lower efficiency at gll fuel flows than did
profile A. Profile C, on the other hand, gave a considerable increase
in combustion efficiency at the lower fuel-air ratios, and decreased at
the higher. The same general relation between profile A and C is seen
in figure 9(c) for an air flow of 40 pounds per second. At an actual
fuel-air ratio of 0.035, the effect of proportioning the fuel between
profiles C and D is shown by figure 9(a 5‘ When the fuel Iflow 1s divided
equally between C and D, a profile equivalent to profile A should result.
The efficiency fell off as the amount of fuel to profile D was increased.

The total-pressure ratio across the combustor varled little between
the five combinations of combustor and shroud length, and ranged from
0.83 to 0.89 with variation in fuel-air ratio. At the deslgn point, the
total-pressure ratio was about 0.86.

As shown by table IT, electric ignition of the engine was successful
over & wide range of operating conditions. Static pressures in the pilot
snnulus were as low as 260 pounds per square foot absolute immediately
prior to ignition. The two instances in which ignitlon was not obtained
were gt the two lowest pressures. Visual cobservatlion through the peri-
scope indicated that the pilot fuel might be quenching the spark for
these tests; thereupon, the pilot fuel was turned off and successful
starte at similsr conditions were immediately obtained.

F
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The distribution of static pressures in the main elr stream in the
region upstream of the pllot is shown for a typical starting condition
on figure 10. The flow seems to be supersonic In the upstream regionm,

e transition to subsonic occurring before the slots admitting alr to the
pllot are reached.

CONCLUDING REMARKS

The performance of the experimental 48-inch-dismeter ram-jet com-
bustor tested in a free-jet facility was as follows:

alcr

The highest combustion efficiencies were cobtained with a 78-inch
combustor and a 6-inch bypass alr shroud. These efficiencies occurred
at a fuel-aly ratioc of about 0.045, which yields & stoichiometric mix-
ture in the burning streem. At the lowest combustor pressure, about 700
pounds per square foot absolute, efficiencles of about 93 percent were
sttained. The combustion efflciency increased with combustor length, a
typical increase being from 88 to 95 percent as the length increasged from *
60 to 96 inches. The length of the shroud separating bypass alr from
the main stream affected not only the maximm efficiency, but also the
fuel-alr ratio at which the maximum efficiency occcurred. In general, a -
longer shroud caused the efficiency peak to occur at lower fuel-sir
ratios.

The highest efficiencies were cbtained with a fuel-injection system
giving the more uniform fuel proflle, whille efficiency gains could be
obtained at low fuel-alr ratios by using e radially nonuniform fuel
profile.

The total-pressure ratio across the combustor ranged from 0.83 to
0.89 with variation in fuel-air ratio, being about 0.86 at the design
point.

An electric spark ignition system provided satisfactory ignition at
all air-flow conditions tested. The statlc pressures in the ignition
reglon were as low as 260 pounds per square foot absclute immedlately
prior to ignition. The separate fuel supply to the pilot was not found
to aid ignition; on at least one occasion ignition was possible only with
the pilot fuel turned off.

Lewls Flight Propulsion Laboratory
National Advisory Committee for Aeronautics
Cleveland, Ohio, November 16, 1954
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APFPENDIX

SYMBOLS AND CALCULATIONS

The following symbols are used in this report:

f/a‘a.ct

f/aid

e

actual fuel-air ratio in engine, (1b fuel)(sec}/(1b air)(sec)

ideal fuel-alr ratio (fuel—air ratio necessary to cause observed
engine-outlet total pressure and observed heat loss)

length of combustor (cylindrical section only), in.
length of shroud, in.

Msch number at engine inlet, based on inlet totael pressure and
temperature, and maximum (48-in )} diameter

total pressure at engine station 3 (diffuser outlet), psfa
total pressure at engine station 6 (engine outlet), psfa
static pressure in pilot annulus, psfe

total temperature st engine inlet, assumed to be same as at
inlet to free-jet nozzle, °F

indicated temperature at exhsust-nozzle inlet, l2 in. from
wall of engine, °F

ratic of air flow through bypass to total flow through engine
air flow through engine, 1b/sec

combustion efficiency, percent

Cambustion efficiency as used herein is defined as ratio of fuel
ideally required to glve observed exhaust pressure and heat rejection

f/aﬂi

to that actuslly supplied to englne, or 71, = .
c f?aact

From tables of theoreticsl tempersture rise for combustion as a
function of fuel-air ratio and initial temperature, charts were prepared
showing ideal fuel-sir ratio as a function of engine-inlet temperature,
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air-flow rate, and engine-outlet total pressure. In preparing these
charts an exhaust-nozzle discharge coefficlent of 0.99 was assumed,
which results in en effective eres of 54.1 percent. 'This value for the
flow coefficient was obtaimed from reference 3 for a sgimilar nozzle. To
the ideal fuel-air ratio necessary to account for the engine-outlet total
pressure, a small correction wes added to supply the heat that was added
to the cooling water. In making this correction, 1t was assumed that
the heat added to the cooling water during cold-flow tests ceme in

equal parts from the inside and from the outside of the engine. Thus
the total amount of heat added to the coolant during burning tests was
reduced by one-half the amount added in cold-flow tests before making
the heat-loss correction.

REFERENCES

1. Meyer, Caxrl L., and Welna, Henry J.: Investigation of Three Low-
Temperature-Ratio Combustor Configurations in a 48-Inch-Dismeter
Ram-Jet Engine. NACA RM E53K20, 1954.

2. Seashore, Ferris L., and Burrell, Herbert G.: Starting and Perform-
ance Characteristics of a Large Asymmetric Supersonic Free-Jet
Facility. NACA EM E54A19, 1954.

3. Krull, H. George, and Steffen, Fred W.: Performance Charscteristics
of One Convergent and Three Convergent-Divergent Nozzles. NACA
RM ES52H12, 1952.

8lgg



3576

TARIE T, - PHRWORMANCE DAYA ¥OH EYPERTMEWPAL COMBORTCR TN A 48-TNCH-DIAMETER RAM-JET ENCINE
(n) Combustor Jength, 98 fushbes; shroud length, 70 inches .

Engline Inlet |Bypass mir,|Combustor- Pilot |Main fual dstribution,|Gas tamperature | Epgine- | Pressura Fusl-air ratio Cosbusticn
alr flow, | tempara- L) inlet Mach fusl, |parcent, to profilas - | npear well of outlet atio = el afticianay,
L ture, percent muber, peroent. ry B 0 ) exhaust noxzls, | preamms, BAOTOSS f/ /] 1‘/ ] Mo
Ib/eac Tin, LT etadchio- Ty B combustor, Cant 834 peraent

% matric op 1o PGIP:’,
#q £t aba
59,5 528 17 0.149 — SRS Y g 420 81 0.825 - - -- -
59.4 53 17 +159 - =] -] - hay 927 +B42 - - - -
59.2 5’” 20 149 — il R TR k3@ 999 75 --- .- --
59A 530 o] 1Ak — el T et Rl 4§32 1048 «901, - - - -
593 52t a7 . 160 2.3 W=~ =-=|=-=~ 692 903 ~Bl7 0.0300 0.0277 92:.3
5%9.1 532 28 «154 2.3 100 [~ =] = =| = = 3 o5 «B54 L0362 0322 89.0
59.0 532 30 149 2.4 oo |-~ --|-~- 695 ns .88 <049 0357 #7.3
59.0 530 n «1h§ Rk 00--|-=-1-- 662 945 «868 0409 .0 89.5
59.0 531 32 - 147 24 10 [=<|==]nn 673 1005 «871 0462 +0389 8&.0
59.0 531 32 J145 2.3 W |-=-]| ===~ 90 1024 478 <0513 L0hl2 80.3
58.9 531 ! 146 2.3 --|1w00] -~~~ 738 102k +830 0512 +Ob1 80.9
590 531 n 147 2k -~ ]10] -~ =~ 714 1004 870 0467 0389 83.1
£9.0 532 30 150 2.3 -=|10fj=]|m~ 762 8L +867 0415 .0361 87.0
9.0 529 28 L154 2.4 -~ |100]|-=-|~~ 7450 9k0 -855 <0362 0319 g8.1
59.3 523 5 .162 2.4 -=(200]| = -]~ ~ 613 872 834 0299 0252 Bho3
59.0 533 3 «149 2.4 Zir Bl=-=]~~ &5 98k «864 {0 -0364 88.8
59.3 522 26 159 2.4 P -]~ - 660 B899 843 0301 0278 91l.4
59.1 523 23 153 2:4 59 |-~~~ 705 951 - 8361, +0350 «0330 1.7
59.5 523 n A5 2oy 0] oy--)-- 680 9eh 868 0405 0359 £8.6
%9,1 531 0 47 20k 59| &|~-=~]|-- T2 1010 873 +0450 0393 B5.4
59,0 531 n 2150 2.h A Wf===-~ ™0 976 +853 0410 0336 86.8
59.3 528 0 1150 1.3 10 [~ w] ===~ YE] 986 +870 040k 0345 90.4
. 59.1 533 a1 150 5.4 MW ||| == 1] 986 871 20413 L0356 88.4
59.2 530 0 J151 e.2 W0 -] ===~ 652 967 861 40404 033 84.9
78,9 529 27 158 2.5 00 [==f=el==- 682 1219 852 0312 O3 93.3
78.6 534 & 154 2.5 WO |~=]=~]-= ToR 1268 +863 0362 +0327 90.3
78.8 531 Il .150 2.5 MW |- =-=]=- 675 1310 «B&7 0408 0361, a8.5
8.9 533 32 + 148 2.6 0 J= |+ =] == 660 1345 875 «0458 +0350 85.2
79.0 531 2 146 24 WO == ==]|== 2 1373 -BA0 -0%10 Ok 8l.2
79.2 399 2B 155 2.4 00 [= = wsf~~ 538 1188 -B63 <0311 0281 el
Fe3 oz b3 149 246 WO |==] == == 552 1248 874 0359 0323 80.0
78.8 H0h k18 146 2.6 00|~ == =]e =~ me 1287 N 0410 .0358 87.3
79k mr 1l <11 5 00 (w0 m| = === &0 1332 +899 0458 -0387 ]
193 05 3 153 2.5 00|~ w]mm) - - 587 1343 0L <0505 L0097 T8.6
108.1 01 B «155 47 I [~ =] == 592 1630 <875 <0322 0285 e8.6
10"9 m 31 1150 247 100 |~ =] ===+~ 557 ]-695 -8?8 00361 -0322 39.2
107.6 06 0 « 146 2.6 WO |= ]| ===~ 597 1756 .8a7 M ALK 0356 B6.6
108.5 ko2 0 «1hk 2.7 100 [-=]==|=~ 637 1813 +900 0458 +0381 63.2

STAPSHE MM VOVM

T



TABLE J. - Contimnnmed. FPERFORMANCE DATA FOR EXPERIMENTAL COMPUST(R IN A 48-INCH-DIAMETER RAM-JET ENULNE
(2) Combustor length, 96 inchés; shroud length, 29 inchea

Bypass air,|Combustor- Filot Medin fus)] distribution, |[Ges temperature Eogine- Pressure Fusl-elr ratlio Combustion

L. inlet Mach fuel, percent, to mrafiles - near wvall of outlst ratio hotanl Taenl efficiency,
parcent muzber, percent iy B C 7 exhaunt norzle, | pressure, acrosy r/.' ’ t/a ' Y

l(’.u stolchio~ T Ps, aarbustar, aot 14 percent
metric o 1b Pa/Py
) sq It aba

- 0.1466 - - -=|==]=--1-~ k35 ] Q.844 -- ] --
19 . -- il e I A37 914 «B63 -— -—- -~
18 156 -- |- - h38 957 878 --- - - -
21, 148 -- m=l==]=n|=- 433 1077 -899 - - - -
20 b4 - - -=|=--]==]-~ 413 o7k 507 -——- - --
2 167 - O | = |mm| = 106e ang -83). 0.0262 0,025 85.9
24 «159 2.4 10|~ =] n=]|~a 1142 08 <846 #0302 <0281 9.1
27 «152 2.3 WO welm |- 135 GE4 -858 -0353 0335 9k.9
2% 147 2.3 WO [= | =|=-w 1275 1008 L0 L0411 0389 4.7
29 Jdk4 2.8 WO |m =] w=]| -~ 1300 1m2 873 D416 +0396 95.2
2 PpFL 23 WO |ww|=er]| == 1345 043 -885 ~Qhih N AT 9.5
2% 142 2.3 W= == 1273 - 1067 «B891 L0513 0463 90.3
22 «165 2.4 . -=-j1w0|--|-- 017 856 839 L0303 0247 81.5
25 <156 2.4 ~-{a]--(-- 1087 938 859 L0357 «0912 874
28 149 244 ERE I 14 o J IR I 1205 1000 872 2OALD 03Tk 91.2
59.1 28 49 2.4 -—-||--]-- 1713 994 869 «Chls <0975 90k
59.C 29 148 2oh ~=|100| = =] == 1315 1093 885 ~Oh55 <0426 91.6
59.1 28 711 2.3 - 100 - | - - 1343 1054 +889 051k <0k52 7.9
9.9 2 .159 25 00 |==]|~n]|~-= 11%0 1235 853 .0308 -0290 9h.2
.5 el 152 2.3 W0 |==|-u|=n 1207 1306 863 0359 0342 95.3
ek X 148 256 WO |-~ ~- 1300 1357 575 L0408 «0392 " | 9.1
1.4 - 145 2.5 WO ==f==]|~~= 1402 1397 .83 0454 0530 4.6
9.2 8 142 2.5 I0f-~-|-=-]--~ 1382 1429 893 05058 T 92.1
79.5 406 % 154 2.5 10| === =]=- 1013 1195 . 0308 . 92.2
0.1 Dl -] Q47 2.5 0| == =} = = 1195 120 .74 0354 -0337 95.2
a0 4 2 A5 2.5 W|l-r=]==]| == 1225 131 845 L3719 -0358 %3
79.3 W07 26 QA2 a5 D0 |- =|==]| == 1337 1334 831 «Ohlr? <0389 9545
79-8 1% 2% 1AL 2.5 W0 |- al === 182 1370 -503 ~LOLST 06 90.9
109.0 402 Fal 168 27T W0 |=-=]-=]-= 1043 1565 . 0261 <0196 75.:1
109.3 W2 2% 1155 2.6 - 0| = w]| === = 1Ch3 1638 N -0208 0281 91.2
109.0 K1 2 .148 2.7 W - =] =)= 1207 174 -879 358 -0839 9.7
108.9 [T1) 8 26 145 7 7o+ J PG (PG (N 1292 1781 .848 s +0360 [N 4
108.8 L 27 b 2.6 [T} P PR i 1hs8 1820 894 . .0882 %1
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PARIZ I. - Continued., PERFORMANCE DAPA FOR EXPERIMENTAL COMBUSTOR IN A 48-INCH-DIAMETER BAM-JET RNGTRE

{c) Combustor length, 60 inches; shroud langth, 28 inohew

Pngine Inlet |Bypass air,|Combustor- Pilot Main fuel distribution,|Cas temperature Engine- Pressure Fuol-air ratio Casbustion
air flow, |tempara~- Wos inlat Hach fuel, percent, to profilas - near wall of outlat ratio Aotonl — efficiency,
Vas ture, peresnt number, perceat AT 5T cl exhsust npomzls, | pressure, across / 4 t/a ! L
nfeec | Tin, My stolehio- Tys Pgy | combustor, | F/%aat 1 | perssat
Or matria 0, 1b P, T
TR
55.6 53% 17 C.152 - BRI I 450 96 0.849 -- - - --
59.6 530 19 -150 - el I I h50 141X ] 887 - - - -
59.3 532 2 o 1hh - EE A I k56 107k <508 - - - -
.5 532 17 #1561 -- ERd B I 460 1187 «B54 -- -- -
T93 529 13 153 -- -] -- A60 1320 +B89 - - -
0.0 526 20 2145 - —e || =]~ h6o 1424 507 -- - -
109.0 505 17 155 - EICH N B 350 1675 «888 -- - - - -
1094 Lok 20 +150 -- i Il il 358 162 897 -- - - -
109.3 403 2 .18 - - ol e el B 365 1819 1909 - - - - - -
59.7 528 a 164 .5 WO jenl ===~ 953 an 837 0.0297 0,023 gl.8
59.8 532 2k 157 253 WO |mwm| ) 9L 941, 857 0350 L B7.4
60.0 526 28 151 5 10 |--|~-~|=-~ 1107 984 «867 +0h00 <0351 a7.8
99.6 530 29 47 25 WO |m == =]~~~ 1 1022 475 0454 . 84,6
59.5 532 28 +1kh 5 00 |- =] === 1223 1051 «B84 0508 <0430 86
59.6 530 /.3 o143 2.5 W |-=-|~=-]-- 1259 1069 «891 -0557 <0453 4.9
9.7 Ly 22 «162 2.5 100 |-=]=~|-~ o7 1185 52 0302 0257 85,2
9.2 537 25 155 2.5 100 |« =] ===~ 1000 1263 860 0356 0317 9.0
TS5 529 29 «150 2.k W0 |- ==~~~ 1095 1326 -871 0 -0383 89.9
9.4 531 29 A6 2.8 M |-=-]~=|=~ ms 1374 +879 0456 +0h04 83.6
9.8 528 27 » Lk 2.4 WO [~ === 1170 1408 -B85 +0500 0473 8#5.6
8.7 41k 25 2159 2.4 T,/ ]) S [Py [ 815 1143 858 0308 0252 /1.8
79-7 hOé 28 -151 2-& lm -] - 9” m -m -0353 -m 35-6
79.3 399 28 QU5 2.5 100 |~ =|~]|~~ 963 1250 «882 «0l0b <0350 85.2
78,3 ) 28 .13 2.6 W |--|--|-= .8 1319 «898 -0k <0389 8.8
109.2 102 m -150 2-‘& W0 |« | =~ 828 1573 0861 -m -m 81.7
109.6 403 26 -156 2.5 00 |em|m=]=~ 91 1536 867 <0327 D275 Bh.l
10%.7 1] 28 «191 2.5 WY [~ w|-=]|~~- 935 1701 875 0352 «0306 86.9
109.7 403 29 o149 2k 00| -] =] 953 L7h6 .882 «0376 0330 87.8
109.1 o4, -] 146 A 00 (= r|==|~~ 1011 1975 847 0399 0351 a8.0
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PERFCRMARCE DATA FOR IXPRRIMENTAL COMEDYIOR 1N A AS-INCH-DIAMETER RAM-TET INGINE

TABLY I. - Contipnmd.

{8) Cosbuator length, B0 inches; shrond length, 6 inches
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BARLE 1. - Conciwded. FERFORMANCE DATA FOR EXPIRIMENTAL COMPUSTOR XN A 48-INCH-DIAMETER RAN-JET ENJINE

{a) Combustor length, 78 inches; sirond lengvh, 8 inches

LN

Engins | Inlet |Bypass air,|Cesbuwtor- Pllot | Mxin Toe)l distributics, |Gae teampersturs Eagine- Erossure Fusl-air ratic Coobustion
air flov, |teegara- L Y] intat Haoh fusl, |parpant, to profilem - | Dear wall of outlet ratio offiaieacy,
L e, parcent umber, yerpsnt. T8 1 1 5 |mbaust noxzle, | pressurs, | navoss Aatud, Ldeal, Tr
w/eae | Tia, My stolohio- » Py, posktmmtor Tfaget /oy peroent
op metrie o ® Pg/Py
| q IT abs
598 a7 18 0.168 -- o L B B 443 859 0.8 - - -
59,3 532 19 141 -- ERAEE P B 443 913 842 - -——- --
595 0 19 2158 -- bl R R 430 95 +BaL - --—- - -
29,6 527 o 251 - L R R 1no7 B39 - --- --
594 539 <) k7 - el i Rl W37 104 +50k -—- - .
396 535 18 A75 6 100 [~ =f~~-]~= e85 510 Bl 0.0249 0.0156 62.7
T 537 1 158 2.6 100 1052 889 <829 0301 0235 78,1
39.4 527 2 E: 2.6 10 1200 & 845 «O%h9 O%7 88,0
.4 31 23 . 26 100 1353 664 845 +0k03 037k 52.8
3.5 ] P} . 1A3 2.6 100 1450 602 "G 0453 o028 93.7
39.3 528 2 14l 6 100 1497 Thi BN 0510 wOkTh 9.0
9.7 532 L} 168 28 - 00 1084 553 1k 0250 0208 832
04 A28 o 159 2.6 -=|~-|200]|-- 1270 s01 x »0258 0270 90.6
9.7 528 = 2152 2.5 -—|~=|200]- - 1324 634 . +0349 0321 92.0
38.9 5 5} J152 a7 == -]~ 1353 £2% 8L -0357 (325 90.9
97 533 2% k8 2.6 e fe=]100 |~ 1ho9 £59 «B56 +0h00 0858 8.5
7.4 50 % QAT 4 R O Y. B 1hae 662 85k 0399 0362 90.7
196 573 -] Thb 2.6 -=|wefwo|-~ 1574 683, »869 Oh52 0999 8.2
19.4 532 ] A3 26 -~ |==lQ |-~ 1813 699 -8 +0508 0432 B4a9
9.4 27 2 152 FE -=]--] P} 0 na 628 ~5h3 035, 0319 90.9
9.3 522 s ] 152 27 -~-1--1 80| 2 1292 638 -o Bl 0353 030 90.7
39.0 5h0 a J15h 2.7 --]--] 88| A 1m2 &2 «3hS 0355 <0315 83.7
32 518 2 154 .6 “efw-] 9 & 120 22 -3 0351 32 8.4
393 0 2 J154 2.7 ==|~-]| 50| 50 . ng2 622 -B47 0354 W31 a7.9
9.2 529 bl 155 2.5 el B 59 1k 615 «348 0353 0303 8%5.8
91 532 z 157 2.4 ww|==] 30| 70 1068 608 -84 0353 022 a7
3.6 11 3 47 2.6 ==]=--] %] 20 1459 660 854 0RO 20363 50.8
b 533 23 L 26 walaw| 80] 2 408 661 «857 « 001 0363 90.5
9.6 532 25 14 2.6 == 821 N 1es 861 35k 10400 0365 51.3
9.6 535 2 47 2.6 -=|-~] 59 K 1368 660 82 001 | 032 50,3
596 5% 19 272 u2 w|--|-=]==~ 1007 ™ o 0208 0| 0188 3.5
596 529 20 162 42 WO (=[]~ 1437 7k «830 0295 ~O03k7 83.7
59.7 526 o 4152 2.2 W |-—|==]|~~ 113 958 -252 0353 -0325 92.1
5.5 59 2 . U6 22 WO mmf|m=fm Lhb5 06 870 O3 0189 .5
594 528 2 . A3 2,2 L e B 1543 1057 -885 +0k56 + 0430 98,7
0.1 525 15 166 2.3 -- 100 - - 1176 851 B2 {026 <0222 90.0
) Ex18 A, 157 2.3 -- -- 13 9Lk AL gzb 20a8% 95.9
59.4 534 n 153 3 - - - 1353 §60 +852 «O3h9 0325 7.0
L) 528 2 A8 .3 - -- 1520 996 ~859 0402 »0368 L35
T 31 - Jh2 23 - - 1594 102 «Hh6 +0452 07 7.8
| 80,1 530 17 2172 2.3 100 - 1068 1050 810 <0250 152 6.0
799 53 20 160 24 100 - 12 1200, -838 0303 «0265 a7.8
80,7 5% 3 153 1.8 100 -- Bis 1289 853 0345 ~0323 93.6
- 796 532 3 152 2ok 100 -~ 1338 1099 «B56 «0353 0335 k.9
80.1 527 25 W16 24 100 -~ 1562 1369 £ Q406 gzzz 97.0
80,1 b4 3 W42 3 100 ~-- 1568 Uab .} Q451 +Ohi? 591
80,2 537 18 66 2uk -- .- 12y 1146 827 <0250 028 9L.2
00,2 59 a 158 2.4 -- -- 1600 130 «BA7 0299 0267 9640
80,2 (548 2 2152 2.4 -- -- 1410 1289 «E53 ggga 0329 9.1
0.3 528 2 A8 2eds -- -- 1593 1343 1863 . »0368 91,5
80,3 }3-] 25 A5 b - - - 17ha 1383 N «Dh52 0405 8.6

STIvPSE WY VOVX



TABLE II. - IGNITION TESTS WITH EXPERIMENTAL COMBUSTOR IN 48-INCHE-DIAMETER RAM-JET ERGINE

Nominal values of flow parameters immediately before tests.

Eogine Inlet Pilot Main fuel Engine Pilct Fuel-alr Result
alr flow, tempera-| fuel, digtribution outlet pressure, ratlo,
VWas ture, percent proflle pressure, Pps f/“nct. Start | No start
1B /sec T:I.n, stoichio- Pg, 1
op metric 1b 5q ft abs
: sq £t abs
4o 530 0 A 340 260 0.033 x
40 530 ) G 340 260 035 x
4Q £30 25 A 340 260 035 x
40 530 2.5 A 340 260 035 X
Lo 530 2.5 c 340 260 .03% x
ho 530 2.5 ¢ 340 260 035 x
kO £30 2.5 0.5C, 0.5D 340 260 .035 x
40 530 2.5 0.5¢C, 0.5D 340 260 <045 x
45 £30 0 A 3%0 300 033 x
45 530 2.5 A 390 300 035 x
L5 530 2+5 A 390 300 .035 x
50 530 o A 430 330 .035 x
50 5230 2.5 A 430 130 035 x
50 530 2.5 A 430 230 .035 b 4
60 530 0 c 520 400 .035 x
&0 520 (0 - 2.5%) nens 520 400 - x
60 530 2,5 none 520 400 - - x
60 530 2.5 . A 520 400 -035 x
60 530 2.5 A 520 400 035 x
&0 530 2.5 A 52 AOO 35 x
60 530 2.5 A 520 400 .035 x
60 530 2.5 A 520 400 035 x
60 530 2.5 C 520 400 035 x
80 400 2.5 A 640 490 035 x
10 400 2.5 none 880 670 --- x
110 LOO 2.5 A 880 &70 .035 x
110 L00 2.5 A 880 670 035 x
0o 400 2.5 A 880 &70 035 x

w
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Figure l. - Sketch of cotibustor configuration.
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Main fuel bar

Pilot fuel bar

Figure 2. Cutaway view of combustor.
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NACA RM E54K15

100 Actusl £/a '0,6” O e
Fiy ey 1 d,
: o b o
§‘ & H : - HHERH sifsaind HpH
g: © # T : a5y L T 11
B 85 L ; SiRELia
ot N T
n 1
© i ' M
§ % FEEER :
2 éb i Combustor Shroud
_E 75 B length, length,
L I.'G’ in. L, I1n.
70 ~0—~ 9% 70
~O— % 29
~O~ 60 29
e 1200 ; — A~ 60 6
] ac — O— 78 6
55
o E 1000 i H i
‘ég o
o 900 :
E« e N R
-«
3 i R R T H
%é 0.16 Ffs S5
o i éé H K Tan H
: T 5t
o §.. HE ++ §
3 2 0.5 :
= g . I Saaiiiianh H
5 53 ouss i S
@ g B 5 :
:E g 0. 80 EEEEHH
0.022 0.026 0.030 0.034 0.038 0.0L2 0,046
Ideal fuel-air ratio
Figure 4. Performance of experimental combusvor. Alr flow, &0 pounds per second;

air temperature, 530°F; fuel profile 'A’.
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Figore 5. Performance of experimental combustor. Air filow, 80 pounds per second;
alr tempsrature, 530°F; fuel profile fAf.
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air temperature, LOOPF; fuel profile 'i!'.
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Figure 8. Performance of experimental combustor at three pressurs levels. Combustor
length, 78 inches; shroud length, 6 inchea; fuel profils 'Af.
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(b) TFuel profiles 'A' and 'C'. Combustor length, 78 inches; shroud length,
6 inches; alr flow, 60 pounds per sscord; air temperature, 530°F.

Figure 9. Performance of experimental combustor with varying fuel profiles.
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{c) Fuel profiles *A' and 'C'. Combustor length, 78 inches; shroud length,
6 inchess air flow, 40 pounds per second; alr temperaturs, 53Q°F.
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(d) Puel proportioned between profiles 'C' and 'D'. Combustor length,
78 inches; shroud length, 6 inches; air flow, 40 pounds per second;
actual fuel-air ratio, 0.035; air temperature, 530°F.

Figure 9. — Concluded. Performance of experimental combustor with varylng fuel profiles.
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